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THE A TS VHF EXPERIMENT FOR AIRCRAFT COMMUNICATION 
ABSTRACT 
VHF Experiment - Aircraft 
The VHF repeater experiment is an active frequency 
translation repeater which was launched as a part of the 
experimental payload of the Applications Technology 
Satellites ATS- 1. A follow-on experiment is planned for 
A TS- C. The VHF repeater experiment using an eight-
element electronically despun phased array antenna, will 
demonstrate the feasibility of providing a continuous 
voice communication link between ground control stations 
and aircraft anywhere within an area covered by the satel-
lite. Both government and the civilian air carriers will 
be active participants in the experiment. It is anticipated 
that the qualitative and quantitative data resulting from 
the VHF experiment will contribute to development of 
future large scale satellite relay air control communica-
tion systems. 
INTRODUCTION 
In recent years jet air travel has increased to the 
point where a flight between the United States and another 
continent is not uncommon. A flight that spans oceans is 
accepted not only as safe but as "the only way to travel." 
With the introduction of supersonic transports, the volume 
of air traffic will increase significantly. 
One problem, however, that has continued to plague 
transoceanic flights is the problem of reliable and con-
tinuous communications during the transit of large ocean 
areas. Not only have commercial and military air car-
riers been concerned with inadequate and unreliable com-
munications during long intercontinental flights but they 
have been attempting to improve the situation. Both high 
power HF and extended range VHF equipments have been 
employed to enhance communications with aircraft over 
all ocean areas, with but marginal success. Approximately 
one third of the trip between the United States and Europe 
is still without reliable radio contact with established 
control centers. 
Lack of communications, besides being undesirable 
for reasons of flight safety, also places a restriction on 
the scheduling of overseas flights. Although acceptable 
now, by 1970 intercontinental flight traffic will have in-
creased to the point where any inefficient scheduling will 
severely hamper transoceanic traffic. 
In efforts to explore new systems of communications 
between aircraft and ground stations , in late 19G4 and 
early 19G5 a team composed of Goddard Space Flight 
Center, Hughes Aircraft Company, Pan American, Boeing, 
and Bendix personnel completed a series of communica-
tions experiments utilizing the telemetry and command 
system of the SYNCOM III Spacecraft. These tests showed 
that a satellite relay communication scheme for aircraft/ 
ground communication was possible for the transmission 
and reception of teletype data. However, because the 
telemetry and command system of SYNCOM was not 
intended as a communication system, the error rate was 
inconsistent and the tests did not completely verify the 
concept of such a relay system. 
Thus recognizing the need for greater improvements 
in ground- to - air communication for transoceanic flights 
and that communications via satellite could represent a 
major step in this direction, NASA/GSFC proposed a VHF 
repeater experiment be included in the A TS program. As 
a result NASA included this experiment in two synchronous 
orbit spacecraft (see Figure 1). Hughes Aircraft was se -
lected as the prime contractor. Needless to s ay, the air 
carrier industry (heretofore prime movers for a VHF 
communications satellite), the military, and meteorological 
interests weighed heavily upon NASA's decision to include 
the VHF repeater experiment in the Applications Technology 
Satellite Program. 
OBJECTIVES 
The objectives of the VHF experiment are to: 
1. Demonstrate the feasibility of providing a continu-
ous voice communications link between ground 
stations and aircraft anywhere within the area 
covered by the satellite. 
2. Demonstrate the feasibility of operating a meteor-
ological network in which meteorological data from 
central stations are disseminated to small inter-
ested stations within the satellite coverage area. 
3. Evaluate the feasibility of VHF navigational sys -
tems using satellites. 
4. Evaluate the airborne and ground stations require -
ments in the above networks. 
5. Investigate the propagation phenomena at VHF 
frequencies. 
Before presenting the general and specific aspects of 
the ATS VHF experiment, it is appropriate to mention some 
of the participating agencies and the role played by each. 
The Federal Aviation Agency and Aeronautical Radio Inc. 
of Annapolis, Maryland, will join with NASA/GSFC in the 
evaluation of the air/ground voice data relay link. Both 
organizations have planned extensive flight test programs. 
Westinghouse, under contract to GSFC, has prepared an 
experimental test plan designed to measure the character-
istics of the VHF communications - systems. Data gathered 
via the implementation of these EPT' s will be pertinent 
to all of the objectives. 
The Weather Facsimile Experiment (WEFAX), a joint 
NASA/ESSA (Environmental Science Services Administra-
tion) meteorological experiment, will evaluate the second 
objective, i.e. evaluation of a meteorological network. 
ESSA through its Suitland, Maryland, facility will provide 
processed weather data, such as charts, maps, predictions, 
etc., that would be of use to local automatic picture taking 
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(APT) ground stations. This data will be provided in 
facsimile format and relay via ATS-B from one central 
station to all APT stations within the line of sight of A TS-
B (See Figure 2). The intent behind this experiment is to 
provide local users with current weather information to 
supplement local cloud cover pictures obtained from other 
orbiting satellites. 
In addition to the dis tribution of facsimile products, 
an A TS-B data link presents far greater implications. 
WEF AX can be considered a pioneering step toward de-
velopment of an economical world- wide weather distri-
bution system. Spacecraft could serve to collect meteor-
ological and other observations from remote unmanned 
stations, buoys, etc. Such data could be distributed to 
APT stations throughout the world. By combining this 
data and APT pictures from polar orbiting spacecraft, 
every city on earth could be provided with complete 
weather service and a true global weather system would 
be a reality. 
In the evaluation of the feasibility of a VHF naviga-
tion system, range rate measurements utilizing ATS range 
and range rate equipment will be made and compared with 
like measurements made via the A TS microwave 
transponder. 
Other experiments, especially long time statistical 
data collection and automated tests, will be in accordance 
with Westinghouse's experimental test plan. Collins 
Radio in cooperation with ARINC is also prividing special 
equipment for propagation experiments. 
DESCRIPTION OF SPACECRAFT HARDWARE 
The VHF communications experiment is an active 
frequency translation repeater receiving at a frequency 
of 149.22 me and transmitting at 135.6 me. The space-
craft repeater both receives and transmits through an 
eight - element, phased array antenna. Figure 3 is a block 
diagram showing basic elements of the VHF experiment 
as contained in the ATS-B spacecraft. 
Incoming signals at 149.22 Mc ± 50 kc me are re-
ceived on each of the eight dipole elements and are routed 
through each antenna's diplexer. The respective signals 
are then fed into low noise receivers which serve to am-
plify and to shift the phase of the incoming signals which 
are initially out of phase because of the relative physical 
position of each dipole antenna. Electronically controlled 
varactor phase shifters in the receiving units, driven by 
the waveform generators, cause the outputs of each re-
ceiver to be in phase. 
Signals from the receivers are fed into a summing 
network of the Down Converter. The purpose of the Down 
Converter is to sum the signals from each receiver and 
convert the incoming frequency of 149.22 me to a 29.95 me 
IF frequency. This is necessary in order that the band 
pass spectrum be limited to 100 kc by the crystal filter. 
The Down Converter also provides a portion of the IF 
amplification required. 
The Up Converter amplifies the 29.95 me IF signal, 
translates it to the transmitting frequency of 135.6 me, 
and splits the signal into eight equal parts for use by the 
transmitters. An AGC detector, located in the Up Con-
verter, sends AGC voltages back to two stages of amplifi-
cation in the Down Converter. 
The power split network divides the 135.6 me signal 
into eight different signals each still in phase. The varac-
tor phase shift network in the transmitter adjusts the phase 
of the transmitted signals such that the signal is rein-
forced in the direction of the earth. 
Each transmitter output of approximately 5 watts is 
routed back through its respective diplexer to one of the 
eight antenna elements. The overall system is about 47 
percent efficient. 
Diplexers are of the band reject type. The transmitter 
to antenna filter is tuned to reject the receiver frequency 
and pass the transmitter frequency with minimum attenua-
tion. The antenna to receiver filter is tuned to reject the 
transmitter frequency, while passing the receiver fre-
quency with minimum attenuation. This arrangement pre-
vents an overload of the receivers input stages by trans-
mitter power which would reduce receiver sensitivities. 
An isolator is provided in the transmit leg to provide the 
isolation required to protect the output transmitter from 
reflections caused by the mutual coupling between the ele-
ments of the phased array. 
The power system of the VHF experiment consists of 
two payload regulators fed by the spacecraft unregulated 
bus. The regulators supply a regulated -24 volts de output. 
Each is capable of delivering approximately 60 watts, al-
though only about 45 watts from each is expected to be the 
total power requirement. Since Regulator No. 1 supplies 
power to the odd numbered transmitters and Regulator No. 
2 provides power to the even numbered transmitters, and 
each is controlled by separate commands, there is the 
capability to operate in a half power mode. The remainder 
of the experiment elements are fed in parallel from either 
or both regulators. 
The VHF Repeater both radiates and receives through 
an eight element dipole phased array. The purpose of the 
VHF waveform generator (Figure 4) is to phase shift the 
input and output RF signals of the VHF Repeater such that 
a directional electronically despun antenna pattern is pro-
duced. To accomplish this, eight voltage waveforms of 
the form E sin ( wt+ 718 ) phase referenced to, and of the 
same frequency as the ATS-B spacecraft spin (nominally 
100 rpm), are required where: e = 45 degrees; 71 = 0 to 
7 ; w = (20077/60). Waveforms of the form V cos wt, - V 
cos wt, V sin wt, and - V sin wt are available from the 
microwave Phase Array Control Electronics (PACE). 
To produce the desired waveforms from those avail -
able, it is only necessary to scale the voltage magnitude 
and combine waveforms in a manner to produce proper 
phase shift voltages for the receiver and transmitter varac -
tor phase shift networks. 
There are two microwave PACE regulators each con-
trolled by a separate command signal. Each of the eight 
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resistor summing networks of Figure 4 is followed by an 
operational amplifier to generate the desired waveforms. 
There are two resistor summing networks per amplifier, 
one driven by PACE 1 and the other by PACE 2. By in-
cluding a field effect transistor switch (FET) between the 
summing networks and amplifier (see Figure 4), it is pos -
sible to drive the system by either PACE. If the system 
is being driven by one PACE, all FET's connected to 
the outputs of the other microwave PACE are shorted to 
ground. This inhibits the output of the signal path not 
selected and also reduces noise from entering the ampli -
fier from the input mode not selected. 
The two control portions of the waveform generator 
consist of a pedestal gated latch and power control buff er. 
The latch is a standard A TS command decoder interface 
circuit which buffers the command output and provides a 
memory of the command. The power control buffer 
switches the PACE regulator voltages to the waveform 
generator. If the latch is on, there is voltage applied to 
the unit. The +24 and - 24 volts from each power control 
buffer are "OR' ed" together to supply power to the ampli -
fiers so that the amplifiers receive power when either 
latch is on. 
Inputs from microwave PACE 1 or 2 to the system 
are selected by commanding either Latch 1 or Latch 2 
respectively. (Latch status can be telemetered to earth 
indicating which PACE is being used). If it is desired to 
operate the VHF antennas in the omni- mode, both latches 
may be turned off and the FET switches will block signals 
or noise from both PACE units. In this mode a pancake 
antenna pattern approximately GO by 360 degrees is pro-
duced which will encompass the earth at all times after 
satellite orientation. This property is useful in that if 
any failure occurs that would cause a loss in power, the 
FET switches would be actuated placing the system in the 
omni- mode. 
PHASED ARRAY ANTENNA 
Of primary importance to the VHF experiment is the 
concept of the phased array antenna. (Appendix I contains 
a description of the phased array principles.) At the 
synchronous altitude, the angle subtended by the earth is 
approximately 17.4 degrees. Therefore, the optimum an-
tenna for a satellite communication system is one which 
directs a repeated signal to the earth in the form of a 
pencil beam with a width equal to the earth's subtended 
angle. 
Since the spacecraft is spin- stabilized with the spin 
axis perpendicular to the orbital plane , a figure of revolu-
tion antenna pattern which is isotropic in the plane of orbit 
can be obtained by a simple linear array antenna. By 
properly phasing a group of arrays, a pencil beam can be 
generated. The phased array on A TS-B consists of eight 
antennas, arranged in a circle of one - half wavelength 
radius. Each antenna is a center fed half- wave dipole. 
All of the antennas radiate continuously, but are individual -
ly phased, so that radiation is reinforced in a specifically 
controlled direction. 
With eight antennas, the gain in the center of the pat -
tern is approximately 9 db and its width is approximately 
50 degrees. As mentioned before, a pattern of approxi -
mately 20 degrees will cover the earth. At the 20 degree 
points the gain is expected to be 1.5 db less than at the 
center of the pattern, or approximately 7 .5 db. 
The antennas are rigid and necess arily parallel to 
each other. Initially folded within the shroud, the antennas 
extend and lock into position at s pin- up. Figure 5 i s a 
picture of one VHF antenna. The VHF experiment anten-
nas are located at the end of the spacecraft near the apogee 
motor. For this reason, the antennas were designed to 
withstand a temperature of more than 1000°F. Teflon 
sleeving was placed on the rod ends. This sleeving acts 
as an ablative material and maintains the temperature 
within the design limits. 
The antennas are center fed to separate them from the 
ground plane of the spacecraft. In addition, it is necessary 
to put in chokes in order that the antennas see a very high 
impedance when looking back into the spacecraft. 
The VHF experiment characteristics are summarized 
in Table 1. 
TABLE 1 
GENERAL REPEATER CHARACTERISTICS 
Transmitter power output 7 dbw (5 watts) 
Total power output from transmitters lG dbw (40 watts) 
Antenna Phas ed array 
Antenna gain ;:;:: 9 
Transmitter losses (diplexer, 2.5 db 
cables, etc.) 
Effective radiated power 
Receiver noise figure 
Receiver bandwidth 
Transmitter frequency 
Receiver frequency 
Weight, including antennas 
DC power required 
22.5 dbw 
4.5 db 
100 kc 
135.G me 
149.22 me 
29.5 pounds 
90 watts 
A TS- C, another spin stabilized synchronous attitude 
spacecraft, will also carry a VHF experiment. The pri-
mary difference between the experiment on A TS- B from 
that on A TS- C is in the transmitters. ATS- C transmitters 
will operate in a linear mode versus the ATS- B limiter. 
The Down Converter will als o be improved in that the AGC 
circuit will be changed slightly to accommodate linear 
characteristics of the transmitters. 
VHF AIRCRAFT EXPERIMENT INTERESTS 
One of the primary objectives of the VHF repeater 
experiment is to prove the feasibility of ground - to - air and 
air - to - ground communications via satellite. The Federal 
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Aviation Agency has had an intensive interest in the use 
of satellites in air traffic control since 1960. Thus their 
extensive participation in the VHF experiment was expected. 
The commercial airlines are, of course, actively 
pursuing means of improving communications between 
aircraft and ground stations particularly for flights over 
large bodies of water. Aeronautical Radio Incorporated , 
(ARINC) a non-profit communication agency for some 
200 commercial air carriers , has been selected as the 
agency for coordinating between NASA and the commercial 
airlines. 
In general, overall participation in the VHF experi-
ment is controlled by NASA by means of a VHF working 
group. NASA, through its working group, has established 
guidelines for anyone interested in conducting experiments 
using the VHF transponder and A TS- B spacecraft. In 
order for NASA to exercise some control over utilization 
of the spacecraft and transponder, it is necessary for a 
company or an organization to submit its request via 
NASA Headquarters describing their experiment, etc. 
In many cases, data or information may already be avail-
able at Goddard thus making it unnecessary for an addi -
tional expenditure of effort. 
FAA Participation 
The Federal Aviation Agency will conduct ground- to-
air- to- ground satellite communication tests using a C-
135 aircraft, the military version of a Boeing 707, so 
chosen for its capability of making long- range flights. 
The first test flight will depart Atlantic City in May 1967, 
proceed to San Francisco, north to Alaska, then south via 
Honolulu to the sub- satellite point. The flight will return 
along the reverse route. 
The first operational tests conducted by FAA will 
demonstrate satellite supported air traffic control com -
munications. Thes e tests will be conducted using the 
link- up terminals as shown in Figure 6. The link-up 
parameters for this phase of the experiment are shown 
in Table 2, Appendix II. 
After the FAA C- 135 departs Anchorage for Honolulu, 
a thirty- minute schedule of tests will begin. Anchorage 
FAA Control Center, with its remote control air-ground 
communication s tation 20 miles away at Elmendorf, will 
initiate transmissions to the aircraft via land line through 
the NASA transmitter at Mojave, From Mojave, trans-
missions will be beamed via the s atellite to the aircraft. 
The aircraft in turn will transmit via satellite to 
Anchorage' s Elmendorf receiving site to complete the 
VHF relay. Mojave will als o monitor via satellite air -
craft respons es. Transmission voice tests will be con-
trolled in a simplex mode during the first minute of each 
hour and half- hour. Anchorage will initiate the voice 
tes t s via land link, during which time the Mojave trans-
mitter will be on the air and transmitting during the first 
minute. During the subsequent minute, the Mojave trans-
mitter will be removed and the C- 135 will respond with a 
position report and such information requested by 
An-Vhorage control. A real time aircraft position report 
will allow the controller at Anchorage to evaluate the 
advantages of satellite relay communications . The re-
maining 28 minutes of the 30-minute cycle will be 
taken up with other tests. 
Hopefully the aircraft will be able to receive A TS-B 
transmissions when it leaves its departure point, Atlantic 
City. It is at this point that the FAA desires to begin in-
flight tests. Antenna patterns and interference tests are 
scheduled to be conducted while in transit across the 
United States. 
The second category of FAA tests included in the 30-
minute cycle conform to a rigid schedule in order to mini-
mize the total number of transmission times for the air-
craft and to reduce confusion for ground stations. This 
period will involve both pre - taped signals and actual voice 
contacts between the aircraft and ground stations . There 
will be periods to allow for standard test signals, voice 
coordination, polarization switching with aircraft antenna, 
noise level determinations, and two- way digital data com-
munication transmissions. 
This latter type test involves the Systems Research 
and Development branch of FAA which has been involved 
in experimental digital data transmissions via land-lines, 
line-of-sight VHF, troposcatter and VHF via satellite for 
the past several years. FAA hopes to find some sort of 
digital data communication systems which would be com-
patible with all modes of communications and therefore 
eliminate digital data communication interface problems. 
The basic objectives of the digital data tests sechduled for 
A TS-B are circuit quality tests to accumulate digital tapes 
reflecting serial bits at various speeds and for various 
methods of data and carrier modulation. In this way the 
FAA will validate and statistically evaluate error rates 
which will help to develop a coding scheme to reduce the 
error rate to one in 10 5 digital bits. The data speeds to 
be transmitted are 600, 1200, and 2400 bits per second. 
These transmissions will originate at Mojave and be sent 
to the aircraft and back to Mojave via A TS- B spacecraft. 
Most equipment for the aircraft will be standard with 
the exception of the aircraft antenna. Two Bendix trans -
ceivers plus various switching instrumentation equipment 
wi ll be installed. The aircraft antenna design, although 
not yet firm, will be of the discontinuous current slot type. 
This is a blanket type antenna with slots along the edges 
and laid over the top of the aircraft fuselage. The slots 
are to be phased to provide for circular polarization in 
addition to allowing vertical and horizontal polarization. 
Ideally , FAA is asking for an antenna with hemispherical 
coverage from 10 degrees above the horizontal in full 
azimuth with a gain of 3 db relative to a linear isotropic 
antenna. Ellipticity will not be greater than 6 db and 
ninety percent of the radiated power will be in the upper 
hemisphere coverage. FAA desires five switching positions 
for efficient coverage and gain. There is certain to be 
noise problems over cities because of inherent minor lobes 
below the plane of the horizon. Total antenna weight will 
be on the order of 50 pounds. 
All tests will be received by the FAA Elmendorf re -
ceiving site whose antenna is sequence timed to determine 
and gather data on vertical , horizontal, right and left circu-
lar polarization. The Elmendorf antenna is a cross dipole 
with approximately 12 db gain. 
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The Federal Aviation Agency's tests are not being 
made with the purpose of making this an operational sys-
tem. The rather crude set-up with manual or semi-
automatic techniques is experimental only, and will not 
supplement any FAA traffic control. Hopefully this sys -
tem could result in an arrangement appropriate for the 
first generation of satellites. It must be remembered 
that any satellite air-ground control operational system, 
by virtue of the great area coverage , would in fact cover 
many ground control points and involve the participation 
of many foreign countries. 
Airline Participation 
In the VHF experiment, the tests by the airline will 
be conducted utilizing specially equipped commercial 
airline jet aircraft operating on regularly scheduled 
flights. These aircraft will carry, besides normal dual 
high frequency communications equipment, special air-
borne communications equipment required for the con-
duct of the tests. Each flight designated to participate 
in the tests will be staffed with one or more qualified 
persons to insure proper equipment operation and test 
conduction. At present , Pan American Airways, American 
Airlines, United Airlines, Trans World Airlines, Quantas 
Airlines , Eastern Airlines, and the British Overseas 
Airways have committed themselves to run tests. Other 
commercial airlines are expected to join later. Collins 
Radio and Bendix Radio are supplying the aircraft equip-
ment. The participation of the above is being coordinated 
with NASA through ARINC. Two basic types of airborne 
test equipment will be installed on participating aircraft. 
One installation will have a VHF communication trans-
ceiver with a low noise receiver plate amplifier and a 
500 watt power amplifier equipped with a FM modulator 
for voice and data inputs. The other installation will in-
clude a special VHF transceiver with special propagation 
distortion analysis and recording equipment. One or more 
types of antenna designed for satellite communication will 
be installed on each aircraft. 
Hopefully it will be possible to correlate modulation 
related parameters with the unique propagation anomalies 
affecting VHF signals. The end objectives are to deter -
mine the suitability and reliability of a relay path for data 
communications, to establish basic design parameters, 
and to determine what method of data transmissions is 
best suited to the mode of communications. In the ac-
complishment of these objectives it is expected that several 
hundred hours over widely separated air routes will be 
flown. The FAA, with its test , will probably fly only 50 
hours, primarily over one Pacific route. 
The principal ground- to - air tests will be two- way 
voice and data communication to gather quantitative data 
on the effectiveness of VHF satellite relay channels avail-
able during normal Pacific route operations within the 
illumination area of ATS- B. 
These test transmissions will be conducted in accord-
ance with the following fifteen- minute format. A two - way 
voice transmission for 50 seconds, involving position 
reports, etc., will serve to demonstrate two- way voice 
communications. This will be followed by eight minutes 
of transmissions from the ground which will allow obser-
vation of fade phenomenon, determination of signal-to-noise 
ratio and the quality voice tests, data transmissions, tele-
type messages , and tone transmissions. The aircraft will 
respond in the next six minute period with data transmis -
sions, live voice, canned voice, and tone transmissions. 
All tests will be time synchronized and will be repeated 
for the duration of a 6 to 20 hour flight. Quality and reli-
ability of low speed data transmission will be determined 
by error rate measurements. Correlations of error rate 
with signal behavior and other environmental conditions 
will permit assessment of adverse effects and limitations 
caused by multipath and propagation anomalies. It is also 
hoped that several aircraft may be in the air simultaneously 
so that simultaneous comparisons of transmission signals 
can be obtained from areas as far apart as 7 ,000 miles. 
Test schedules, sequences, and future schedules are 
to be adjusted to make optimum use of the test time al -
located to flights. It is anticipated that each test aircraft 
will make at least two or more flights over each test route. 
Even though all test transmissions planned involve 
ground- to - air-to- ground relays, air- to - air relays will 
also be evaluated when two test aircraft are flying at the 
same time. 
One of the major difficulties has been the 'design of 
an aircraft antenna to enhance the satellite to aircraft 
link. Optimum aerodynamic design of an antenna is not 
compatible with the high gain required. Several designs 
are being considered to handle the dual frequencies, to 
have as near as possible a 3 <lb gain relative to isotropic, 
and a 500 watt power handling capability. The pattern 
is the most important parameter. It should be of a uni-
form hemispherical coverage at elevation angles above 10 
degrees, circularly polarized, and have the ability of re-
jecting signals from below the horizon and still be capable 
of meeting FAA requirements on regular passenger carry-
ing flights. Also, installation must be on a not- to- interfere 
basis with normal commerical aircraft down time, nor 
should installation be such that it interferes with other 
electronic safety of navigational aids. In addition, the 
antenna should be able to be installed without major struc -
tural changes to the aircraft. Several antennas which show 
promise of meeting all requirements are now under test 
and development. 
VHF experiment tests are a part of a continuing pro-
gram to press for major improvement in air - ground - air 
communications over water routes. Continued develop-
ment of the program requires that system parameters be 
closely evaluated and design assumptions validated or 
modified at the earliest practical date. NASA desires to 
demonstrate that satellite communications are practical 
under varying flight and weather conditions , and on the 
other hand to define limitations on propagation due to 
seasonal or cyclic effects. The aircraft test will be able 
to examine quantitatively such additional propagation 
phenomenon as Doppler effect due to a 600 mph aircraft, 
the effect Faraday rotation, variable ionosphere concen-
trations, etc., over widely separated geographic paths. 
Ground observations to evaluate such phenomena as multi-
path effects will be made concurrently with the airborne 
tests. 
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Equipment to meet the testing schedule will be ro-
tated between aircraft of the various airlines since it 
would be impractical to equip every transocean jet for 
tests. 
At least eight airlines will cooperate in the pursuit 
of ARINC's objectives. American, Eastern, Northwest, 
Pan American, TWA, United, BOAC, Quantas , and Japan 
Airlines have indicated their desire to participate in the 
VHF experiment. Routes will extend from New York, 
Chicago, and San Francisco to overseas points such as 
Tokyo, Honolulu, Hong Kong, Saigon, Manila, Sydney, etc. 
Polar air routes will cover high latitudes. South lati-
tudes will be covered by routes to South America. 
Participation by the air lines in the VHF experiment 
will provide the basis for their continued interest in 
satellite relay communications and for their operational 
use of future communications spacecraft. 
Collins Radio, Incorporated, will supply a set of 
equipment to be used to obtain data on propagation anom -
alies on air-to- ground satellite transmissions during 
some of the ARINC tests. As seen in Figure 7, there 
are many factors contributing to signal attenuation. 
Collins intends to transmit a controlled RF spectrum 
from NASA's Mojave station and to record the trans-
missions in the aircraft. Subsequent computer analysis 
will determine the distorting effects of the propagation 
medium. The objective of these tests is to gain informa-
tion using voice and data transmissions to determine fade 
depth, rates , noise, and aurora interference levels using 
various aircraft antennas. 
Bendix Radio will also supply equipment to be used 
in the air line tests. 
AIR FORCE/DOD PARTICIPATION 
Although the details of the Air Force/ DOD partici-
pation have not as yet been established, it is expected 
that flights by Air Force test aircraft will obtain data 
from areas of the globe and under conditions which can-
not be covered by the FAA on the commercial airlines . 
In particular, a detailed experiment to characterize the 
propagation phenomena at VHF will be accomplished. 
SUMMARY 
VHF Experiment - Aircraft 
The VHF communications experiment is an active 
frequency translation limiting repeater receiving at a 
frequency of 149.220 me and transmitting at 135. 600 me . 
It is to be flown on the Applications Technology Satellite 
spin stabilized synchronous orbit spacecraft ATS-B and 
ATS-C. 
The principal objective of the VHF experiment is to 
determine the feasibility of providing a continuous com-
munications link between ground control stations and air-
craft anywhere within the area covered by the spacecraft. 
The VHF repeater both r eceives and transmits through 
an eight-element, phased array antenna. The antenna 
array is electronically despun to produce an optimum 
cone -shaped beam continuously illuminating the earth. 
Incoming signals at 149.220 me are received on eight 
dipole elements , and shifted in phase to compensate for 
the relative position of each dipole antenna. These elec-
tronically controlled phase shifters in the receiving units 
cause the outputs of each receiver to be in phase only for 
those signals originating from earth. Reference sinusoids 
which drive the phase shifters, thereby despinning the 
antenna beam, are obtained from the spacecraft's phased 
array control electronics (PACE). 
The receiver outputs are summed, converted to an 
IF frequency of 29.950 me , amplified and translated to 
135.600 me, and subsequently divided into eight equal 
parts . Each of the eight signals is routed to a transmitter 
where it is again phase shifter and amplified to a power 
level of five watts. Each transmitter output is routed 
through a diplexer to one of the antenna elements where, 
because of the phase shift, the signals reinforce in the 
direction of the earth. 
The principal agencies participating with NASA in 
the VHF transponder aircraft experiment are the Federal 
Aviation Agency, Aeronautical Radio Incorporated, Collins 
Radio Corporation, Bendix Radio, and Stanford University. 
The FAA participation results from their long and 
intensive studies regarding air traffic control. FAA 
tests , using a specially equipped KC-135 aircraft, will 
evaluate voice relay and digital data relay transmissions. 
ARINC , the communication agency for the commercial 
air carriers, will utilize regularly scheduled commercial 
flights to evaluate voice and digital data VHF satellite 
relay. Their tests will be both qualitative and quantitative 
in nature and, in some cases , be conducted jointly with 
the Federal Aviation Agency. 
Collins Radio, Inc . will employ the ATS-B VHF trans -
ponder to study VHF transmission attenuation and trans-
mission anomalies . 
It is not the intent of the participating agencies to 
make the VHF experiment an operational system. How-
ever , efforts to successfully demonstrate the feasibility 
of VHF satellite relay communications and the knowledge 
gained will prove to be of great value to future operational 
communication satellites. 
APPENDIX I 
Principles of Phased Array Antenna System 
When only two antennas separated by one - half wave-
length are considered , signals received from a distant 
station will cancel if the antennas are in line. (This 
assumes the station is distant enough so that the level of 
the two received signals are equal). On the other hand, 
the signals will sum when the same wave strikes the an-
tenna simultaneously (see Figure I-la). Thus , a null is 
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produced in one direction and reinforcement results in 
a direction at right angles to the first. In the transmit-
ting mode the same directional pattern would occur. 
Changing the direction of the pattern can be accom-
plished by placing a delay in the receiver line equal to 
one-half wavelength or 180 degrees (see Figure I-lb). 
Thus for signals arriving with an amplitude of A sin wt , 
the antenna pattern for this simple phased array will 
shift 90 degrees. In this case the summing network can-
cels the signals arriving simultaneously at the array. 
This is basically the method used in the VHF experiment 
to get the received and transmitted signals to add up in 
a direction toward earth. 
Consider a second array consisting of four elements, 
arranged with an effective radius of one-half wavelength 
at the transmit frequency of 135.6 me. (The phase shift-
ers make adjustment for the higher frequency of 149.22 
me) . Assume also that the spacecraft is not spinning. 
In this arrangement (see Figure 2) , signals are summed 
as if originating at an arbitrary reference point at the 
center of the array. The wave , as it approaches the array, 
strikes No. 1 antenna first. A delay of minus /\ / 2 is 
needed in No. 1 receiver phase shifter to effectively de-
lay the signal from antenna No. 1 until the same wave 
travels to antennas No. 2 and No. 4 adjacent to the refer-
ence point. It is obvious no delay is needed between an-
tennas No. 2 and No. 4. It is desired to advance the sig-
nal of antenna No. 3 one-half wavelength to allow for the 
distance beyond the reference point. The total reception 
sequence can be summarized as follows : 
Antenna Signal 
No. 1: e
1 
=A sin u, t 
No. 2: e
2 
= A sin ( o. t - •./2) 
No. 3: e 3 =A sin (wt - \ ) 
No. 4: e
4 
=A sin (u, t - >-. /2) 
Relative Phase 
Shifter Delay Summing Network 
- '. 2 e 1 =Asin( .. t - ·. / 2) 
e 2 = A sin (" t - \ / 2) 
" \ '2 e 3 = A sin (.c t - ' / 2) 
e 
4 
= A sin (c t - \ / 2) 
2: e = 4 A sin ( o. t - >. / 2) 
The four antenna array provides an antenna pattern 
gain of 6 db . (A pair of antennas would result in a pat-
tern gain of 3 db). However, the ATS-B stat ic case, while 
allowing a simple explanation, is not valid since the space-
craft is rotating at 100 rpm. If the physical antenna array 
is allowed to rotate 45 degrees clockwise (see Figure 8), 
the wave arrives at antenna No. 1 and No. 4 simultaneously 
and later at No. 2 and No . 3 simultaneously. The delay in 
space between No. 1 and No. 4 and the reference point is 
/\ / 2 sine or .707 /\/2. Thus, for a rotation of 45 degrees 
and using the center of the array as a reference point, the 
relationship between the received signals and summed 
signals are: 
Antenna Signal 
Phase Shifter 
Delay Summing Network 
e 1 =A sin wt - . 707 \ / 2 e 1 =A sin (c, t - .707 >-. / 2) 
e 2 =A sin (<ut - .707 \ ) + .707 \ /2 e 2 =A sin (r.•t - .707 >../ 2) 
e 3 =A sin (·c t - .707 \ ) + .707 >.. / 2 e 3 = A sin (u: t - .707 >.. / 2) 
e 
4 
= A sin ,, .t - . 707 \ / 2 e 
4 
= A sin (-.; t - . 707 \ / 2) 
2: e = 4 A sin (" t - . 707 !-. / 2) 
To maintain the antenna pattern in a constant direc-
tion with respect to the four antenna array, the frequency 
of. spacecraft rotation must be considered in the delay. 
Iteration of the above example to 360 degrees shows that 
the receiving line delay varies as the sine of the rotation 
frequency. 
In order to control the phase delay prior to the sum-
ming point and have the signals in phase at the summing 
. network, it is necessary that the phase delay vary by /\/2 
. sin wt, where w is the angular rotational frequency. It 
is also necessary that the total line delay reflect the rela-
tive position of the antenna with respect to the position 
of the desired effective antenna pattern. Consequently, 
a different phase angle for each antenna is required. The 
phase delay for an eight-element array becomes: 
Delay
77 
= /\/2 sin (rpm + 7745°) 
where 77 = 0, 1, 2 , 3, 4, 5, 6, 7, the number of antennas. 
Delay signals, originating in the waveform generator 
are fed to the phase shifting network in the receivers and 
transmitters. 
The key element in the "not so exotic" artificial delay 
lines is a varactor type diode that is used as a variable 
capacitor. As the voltage is varied across this semi-
conductor type diode, its effective capacitance will change. 
A variable "capacitor" results in a variable delay in the 
line. The same system is used for both receiver and 
transmitter. The inputs for the waveform generator origi-
nate at PACE. 
With input references provided by a sun sensor, 
PACE generates control voltages. The phase of the 
control voltages (with the same period as the space-
craft spin) is adjustable by means of the command 
system. This determines the direction of the antenna 
beam. Four signals, 90 degrees out of phase, are 
generated: +sin wt, + cos wt, - sin wt, and - cos wt 
(w = 20011 cpm). These signals are equivalent to sin wt, 
sin(wt + 90), sin (wt+ 180) and sin (wt + 270) respectively. 
Since there are eight antennas, phase signals must be 
generated to reflect the relative physical displacement of 
antennas of 45 degrees. Thus, it is necessary to generate 
four signals of the form sin (wt + 45°), sin (wt + 135°), 
sin (wt + 225°), and sin (wt + 315°). This is accomplished 
by making sin wt and cos wt inputs to operational ampli -
fiers where the signals are added and attenuated by a factor 
of .707 . The output becomes .707 sin wt+ .707 cos wt. 
This can be expressed as sin (wt+ 45), the desired input 
to the phase shifter. With - sin wt and + cos wt, the re-
sults are similar: sin (wt+ 135°). 
It can be seen in Figure 4 that the signals sin (wt + 
77 45), where 77 = 1, 3, 5, 7, are fed to every other antenna. 
This discussion is based upon the assumption that PACE 
provides a reliable signal, particularly with regard to 
frequency. 
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APPENDIX II - LINK CALCULATIONS 
Parameter 
UP LINK 
Transmitter Power (500 watts) dbw 
Transmit Antenna Gain db 
Receive Antenna Gain db 
Total Link Losses db 
Receiver Carrier Power dbw 
Receiver Noise Power (E.W. = 90 kc) db 
C/N (Up Link) (E.W. = 90 kc) db 
DOWN LINK 
Transmitter Power (40 watts) dbw 
Duplex Power Loss db 
Transmit Antenna Gain db 
Receive Antenna Gain db 
Total Link Losses db 
DOWN LINK 
Receiver Carrier Power dbw 
Receiver Noise Power (24 kc) dbw 
C/N (Down Link) (E.W.= 24 kc) db 
C/N (loop) (E.W.= 24 kc) db 
F.M. Improvement (M = 2) db 
S/N (4 kc Voice Channel) db 
*B .W. = 50 kc 
**M = 2.5 
Ground- Aircraft-
Satellite- Satellite-
Aircraft Ground 
DUPLEX 
+27.0 +27.0 
+14.0 +3.0 
+8.5 +8.5 
-173.5 -173.5 
-124.0 -135.0 
-118.6 - 148.6 
+24.6 +13.6 
+16.0 +16.0 
-0.3 -17.0 
+8.5 +8.5 
+3.0 +22.0 
-171.4 - 171.4 
- 144.2 -143.9 
-154.7 -154.7 
+10.5 +12.8 
+10.3 +10.3 
+15.8 +15.8 
+26.1 +26.1 
16 - 20 
Ground-
Satellite- APT 
Ground 
DUPLEX SIMPLEX 
+27.0 +27.0 
+14.0 +14.0 
+8.5 +8.5 
-173.5 -173.5 
- 134.0 -131.0 
-148.6 - 148.6 
+24.6 +24.6 
+16.0 +16.0 
-4.0 -
+8.5 +8.5 
+14.0 +12.5 
-171.4 - 172.0 
-135.9 - 135.0 
-154.7 - 151.5* 
+18.8 +16.5* 
+16.0 +14.7 
+15.8 +20.7** 
+31.8 +35.4 
~ 
~ 
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360° CYLINDER 
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SUN SENSOR 7 ~ 
TELEMETRY AND COMMAND UNITS 
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RECEIVER ANTENNA 
18° PHASED ARRAY 
TRANSMITTING ANTENNA 
TRAVELING WAVE TUBE 
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Figure 1. A TS-B Synchronous Altitude Spin-Stabilized Spacecraft. 
140°E 160°E 1800 160°W 140°W 120°W 100°W 80°W 
Figure 2. Acquisition Areas for an Earth-Synchronous Satellite Located Over 
the Equator and 155oW Longitude for Zero and Ten Degree Minimum 
Antenna Elevation Angles. 
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Figure 4. VHF Waveform Generator. 
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Figure 6. Ground-Air-Ground Communications Links .. 
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Figure 7. Propagation Anomalies. 
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Figure 9. Four Antenna Array. 
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